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CFO 14865 US 



PROJECTION TYPE DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a projection type 
display apparatus, and particularly to a projection 
type display apparatus attaining a great improvement in 
light utilizing efficiency or the thinning of the 
apparatus in an oblique projection system. 
Related Background Art 

An apparatus of this kind is disclosed, for 
example, in Japanese Patent No. 2893877. The 
construction of a basic optical system according to 
this example of the prior art is shown in Fig. 6 of the 
accompanying drawings. In this example of the prior 
art, a trapezoidal intermediate image is formed on a 
reflecting mirror 49, and it is obliquely projected 
onto a screen 53 by a projection lens 40. As regards 
the trapezoid rate of this intermediate image, the 
trapezoid rate of an inverted trapezoid is set so as to 
just cancel trapezoid distortion created by the oblique 
projection onto the screen 53. 

In the above-described example of the prior art, 
however, the trapezoid distortion is cancelled and 
corrected, but the principal ray of reflected light 
reflected by the reflecting mirror 49 on which the 
intermediate image is formed does not coincide with the 
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optical axis of the projection lens 40 at all and 
therefore, as shown in Fig. 6, only the other divergent 
light beam than the principal ray passes to the 
projection lens 40. Therefore, the quantity of light 
5 which can be utilized is slight, and this example of 
the prior art has a problem in that light utilizing 
efficiency becomes very bad. 
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SUMMARY OF THE INVENTION 
10 It is an object of the present invention to solve 

the above-noted problem peculiar to the prior art and 
to provide, in a projection optical system for 
correcting trapezoid distortion occurring to an 
intermediate image by oblique projection, a super- thin 



^ 15 projection type display apparatus which can achieve a 

y great improvement in light utilizing efficiency and can 

yl 

Q accomplish the projection of a large image plane. 

It is also an object of the present invention to 
provide a projection type display apparatus which 
20 comprises: 

a first projection optical system for obliquely 
projecting light from an original picture onto a 
predetermined surface, the first projection optical 
system forming the intermediate image of the original 
25 picture on or near the predetermined surface; 

a second projection optical system for obliquely 
projecting the light from the predetermined surface 



onto a surface for projection and imaging it thereon; 
and 

light deflecting means disposed between the first 
projection optical system and the second projection 
optical system for deflecting the light emerging from 
the first projection optical system; 

wherein the optical axis of the first projection 
optical system is deflected by the light deflecting 
means so as to substantially coincide with the optical 
axis of the second projection optical system. 

In the foregoing, "near" appearing in "the first 
projection optical system forming the intermediate 
image of the original picture on or near the 
predetermined surface" means a range within which the 
intermediate image can be regarded as being formed 
substantially on the predetermined surface, including a 
case where the positions of "the predetermined surface" 
and "the intermediate image" slide a little in 
parallelism to each other, and a case where the two 
intersect with each other. That is, it means that when 
an observer disposes a screen or the like on the 
predetermined surface and observes the intermediate 
image of the original picture, the positions of the 
predetermined surface and the intermediate image are 
near to each other to such a degree that the 
intermediate image can be observed within a range in 
which a feeling of resolution is sufficiently obtained 



to the observer. 

In one aspect of the invention, the light 
deflecting means is disposed on the predetermined 
surface. 

In further aspect of the invention, the light 
deflecting means is constituted by a transmission type 
diffracting optical element. 

In further aspect of the invention, the light 
deflecting means is constituted by a reflection type 
diffracting optical element. 

In further aspect of the invention, the light 
deflecting means is a hologram. 

In further aspect of the invention, the light 
deflecting means is disposed at or near the position of 
the intermediate image. 

In further aspect of the invention, the surface 
for projection has an eccentric Fresnel lens. 

In further aspect of the invention, the surface 
for projection has a plurality of eccentric Fresnel 
lenses . 

In further aspect of the invention, the surface 
for projection has a lenticular lens. 

In further aspect of the invention, the light 
deflecting means has the light deflecting action and 
the light condensing action. 

In further aspect of the invention, the projection 
type display apparatus has a plurality of vertically or 



substantially vertically disposed reflecting mirrors. 

In further aspect of the invention, the projection 
type display apparatus is of a rear projection type 
projecting an image from the rear onto the surface for 
proj ection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 generally shows a basic optical system for 
a thin type rear projection display apparatus according 
to an embodiment of the present invention. 

Fig. 2 shows the cross-sectional construction of 
the thin type rear projection display apparatus 
according to the embodiment of the present invention. 

Fig. 3 shows the cross-sectional construction of a 
hologram transmission type diffracting optical element 
in the embodiment of the present invention . 

Fig. 4 shows the cross-sectional construction of a 
screen for coping with oblique incidence in the 
embodiment of the present invention. 

Fig. 5 shows the plan construction of an eccentric 
Fresnel screen in the embodiment of the present 
invention. 

Fig. 6 generally shows an optical system for thin 
type rear projection according to the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the so-called optical trapezoidal correction 
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oblique projection optical system as described above, 
for example, a diffracting optical element is utilized 
as a medium for propagating a trapezoidal intermediate 
image, whereby light emerging from the intermediate 
5 image can be directed in the direction of the optical 
axis of a main projection lens (a second projection 
optical system) and further, it becomes possible to 
achieve a great improvement in light utilizing 
efficiency. Also, by providing a plurality of 
10 vertically or substantially vertically disposed plane 
mirrors downstream of the projection lens, it becomes 
possible to achieve super- thinning and large image 
plane in a rear projection display apparatus above all. 
e A specific embodiment thereof will be shown below. 

Q 1 5 ( Embodiment ) 

gi Fig. 1 generally shows a basic optical system for 

p a thin type rear projection display apparatus according 

to an embodiment of the present invention. In Fig. 1, 
reference numeral 1 designates a screen for oblique 
20 incidence, reference numeral 2 denotes a main 

projection lens (a second projection optical system), 
reference numeral 3 designates a transmission type 
diffracting optical element which is a light deflecting 
element, reference numeral 4 denotes an auxiliary 
25 projection lens (a first projection optical system), 
reference numeral 5 designates a DMD display device, 
reference numeral 6 denotes a condensing lens, 



reference numeral 7 designates a collimator and 
integrator, reference numeral 8 denotes a rotary color 
filter, and reference numeral 9 designates a UHP lamp. 
The reflector of the UHP lamp 9 is of an elliptical 
type and therefore, light emerging from this lamp is 
condensed and passes to the rotary color filter 8. The 
rotation of this rotary color filter 8 is synchronized 
with the driving of the DMD display device 5, and 
design is made such that the writing display by each 
primary color signal and the color light after passed 
through the rotary color filter 8 coincide in color 
with each other. Next, the color light passed through 
the rotary color filter 8 passes through the collimator 
and integrator 7, whereby the collimation of the light 
beam and the prevention of uneven illumination are 
done, and the DMD display device 5 is efficiently 
illuminated through the condensing lens 6. 

Only the display reflected light from the DMD 
display device 5 passes through the auxiliary 
projection lens 4, and by the imaging action of this 
auxiliary projection lens 4, the intermediate projected 
image thereof is formed on the transmission type 
diffracting optical element 3. The DMD display device 
5 and the transmission type diffracting optical element 
3 are tilted relative to the optical axis of the 
auxiliary projection lens, and the tilt angles 6 4 and 0 3 
thereof are set in conformity to the so-called 



Sheimpflug rule. Accordingly, a trapezoid distorted 
image is formed on the transmission type diffracting 
optical element 3, but as in the af oredescribed example 
of the prior art, the trapezoid rate thereof is set so 
as to just cancel trapezoid distortion caused by an 
oblique projection system onto the screen which will be 
described later. 

Now, the transmission type diffracting optical 
element 3 has the action of refracting a ray of a 
predetermined angle of incidence by a predetermined 
angle, and a light beam passing through and emerging 
from the transmission type diffracting optical element 
after having formed the intermediate image has its 
on-axis ray refracted in the direction of the optical 
axis of the main projection lens 2, i.e., the direction 
in which this emergent light beam enters the pupil of 
the main projection lens 2, by this refracting action. 
Fig, 3 shows the cross-sectional construction of the 
transmission type diffracting optical element. This 
transmission type diffracting optical element is of a 
construction in which a gelatin layer 32 is sandwiched 
between glass plates 31 and 33. The gelatin layer 
forms a hologram which is a diffracting optical element 
by laser beam exposure, and any ray angle of refraction 
is set by the setting of the condition of this laser 
beam exposure. So, in the hologram element 3 used in 
this embodiment, the ray angle of refraction thereof is 



set so -that as previously described, the emergent light 
beam may be refracted in the direction in which it 
enters the pupil of the main projection lens 2. 

The ray of light from the intermediate image 
emerging in the direction of the optical axis of the 
main projection lens 2 in this manner is efficiently 
obliquely projected onto the screen 1 through the main 
projection lens 2. That is, the intermediate image is 
enlarged and projected onto the screen by the main 
projection lens 2, but a predetermined rectangular 
image is displayed on the screen by the trapezoid 
distortion canceling mechanism as previously described. 
Also, the screen 1 and the light deflecting element 3 
are installed while being tilted with each other 
relative to the optical axis of the main projection 
lens 2, and the tilt angles Q 2 and Q 1 thereof are also 
set in conformity to the Sheimpflug rule. 

Next, Fig. 2 shows the cross-sectional 
construction of the rear projection display apparatus 
of the present invention contained in a thin type 
housing by folding the beam of the optical system by 
mirrors- In Fig. 2, dots-and-dash line indicates the 
outer configuration of a housing, reference numeral 20 
designates a second mirror, and reference numeral 21 
denotes a first mirror. Both of these mirrors are 
plane mirrors, and are vertically disposed. That is, 
the two mirrors face in a direction in which their 
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reflecting surfaces face each other, and are disposed 
parallel to each other. The light beam emerging from 
the projection lens 2 is first reflected by the first 
mirror 21 located below the screen, and the reflected 
light beam thereof is further reflected forwardly and 
upwardly by the second mirror 20 located on the upper 
side of the rear of the apparatus, and illuminates the 
screen 1 toward a obliquely upward direction. By thus 
combining the oblique incidence and the turning-back of 
the light beam by a plurality of vertically disposed 
mirrors, the formation of a large image plane rear 
projection display apparatus of a thin type and good in 
light utilizing efficiency becomes possible. 
Incidentally, it is expected that in a display image 
plane 9:16 long sideways and having a diagonal of 60", 
a depth of 30 cm becomes possible. 

Also, the screen 1 used in the present embodiment 
is one for oblique incidence, and the cross-sectional 
construction thereof is shown in Fig. 4. This screen 
is comprised of three members i.e., an eccentric 
Fresnel lens 13, an eccentric Fresnel lens 12 and a 
lenticular lens 11 superposed one upon another in 
succession from the incidence side. The eccentric 
Fresnel lenses 12 and 13 are entirely the same in 
specification. As shown in Fig. 4, the projected light 
obliquely incident from the back side emerges toward 
the front over the whole surface by the condensing 




effect of these two eccentric Fresnel lenses. Further, 
at this time, the projected light diverges in a 
horizontal direction (in Fig. 4, a direction 
perpendicular to the plane of the drawing sheet) by the 
lenticular lens 11, and a projected image of uniform 
brightness is thus observed over a wide field of view 
rom the front looking side. 

The plan\onstruction of the eccentric Fresnel 
lens is shown in F^g. 5. As can be seen from this 
figure, the eccentric\resnel lens can be formed by 
cutting out at a positionN^f f set from the center of 
general concentric circular Fresnel . 

Now, the above-described construction of the 
present embodiment is a specific example of the 
embodiment, and can be variously arranged. For 
example, in the present embodiment, the intermediate 
image is formed on the light deflecting element, but 
the main purpose of canceling trapezoid distortion can 
be achieved even if the intermediate image is formed in 
the air near the light deflecting element. Also, while 
DMD is used as the display device, this is not 
restrictive, but a thin type rear projection display 
apparatus can likewise be constructed even if a 
reflection type or transmission type liquid crystal 
display device, an organic EL display device, a display 
device utilizing an electron beam (e.g. a CRT) or the 
like is utilized. 



Also, as the projection system, use may be made, 
for example, of a curved surface reflecting mirror or 
the like instead of a lens, with an auxiliary 
pro j ection system . 

Also, if the light deflecting element is 
constituted by a hologram, not only the light 
deflecting action but also the light condensing action 
may be added thereto and a field mirror or lens effect 
may be imparted thereto, and in this case, the quantity 
of light around the projected image can be increased. 
Further, the light deflecting element is not restricted 
to a hologram element, but may be a diffracting optical 
element of other type such as a reflection type or a 
transmission type, or a linear Fresnel plate of fine 
pitch or the like. 

With regard also to the screen construction, it is 
possible to use a diffusing plate instead of the 
lenticular lens, and hologram plates or hologram sheets 
instead of the Fresnel lenses. 



